P2001, 0082 

SEMICONDUCTOR LASER 

5 Cross-Reference to Related Application : 

This application is a continuation of copending International 
Application No. PCT/DE02/00471 , filed February 8, 2002, which 
designated the United States and was not published in English. 

10 Background of the Invention : 
Field of the Invention : 
The invention relates to a semiconductor laser having a 
vertical resonator formed by reflectors, a photon-emitting 
active layer disposed between the reflectors and a current 

15 diaphragm for laterally circumscribing the current flowing 
through the active layer. 

Semiconductor lasers of this type are known as so-called 
vertical cavity surface-emitting laser (VCSELs) . These 

2 0 semiconductor lasers have a layer sequence containing an 

active layer enclosed between two distributed Bragg reflector 
(DBR) mirrors. In order to delimit the current injected into 
the active layer in the lateral direction, provision is made 
of at least one current diaphragm composed of an oxide in one 

25 of the DBR mirrors. The current diaphragms define a current 
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aperture with their inner edge and limit the lateral extent of 
the pump spot diameter in the active layer. 

In principle, monomode operation is also possible with 
5 semiconductor lasers of this type. However, this requires a 
comparatively small pump spot diameter of less than 4 \im, 
which necessitates a correspondingly small current aperture. 
However, such small diameters of the current aperture can be 
produced precisely only with great difficulties. The 
10 oxidation is usually affected laterally from the edges of the 
layer sequence after the layer sequence has been completely 
deposited. However, this procedure requires accurate 
knowledge and control of the process parameters. 

15 Moreover, on account of the small current aperture, the known 
semiconductor lasers with current diaphragms composed of oxide 
have low optical output powers, high ohmic resistances and 
high thermal resistances. 

2 0 Summary of the Invention : 

It is accordingly an object of the invention to provide a 
semiconductor laser that overcomes the above-mentioned 
disadvantages of the prior art devices of this general type, 
which is a simple-to-produce monomode semiconductor laser 

2 5 having high optical output power and low ohmic and thermal 
resistance . 
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With the foregoing and other objects in view there is 
provided, in accordance with the invention, a semiconductor 
laser. The laser contains a vertical resonator formed by 
5 reflectors, a photon-emitting active layer disposed between 
the reflectors, at least one current diaphragm for laterally 
circumscribing a current flowing through the photon-emitting 
active layer, and mode-selective regions extending in a 
vertical direction and laterally delimit the vertical 
10 resonator. 

The object is achieved according to the invention by virtue of 
the fact that further mode-selective regions, which extend in 
the vertical direction and laterally delimit the vertical 
15 resonator, are present in addition to the current diaphragm. 

The additional mode-selective regions along the axis of the 
vertical resonator effectively suppress higher modes, since 
the latter incur higher losses than the fundamental mode in 
2 0 the mode-selective regions. Therefore, only the fundamental 
mode can reach the laser threshold. At the same time, it is 
possible to enlarge the current aperture, which, in comparison 
with the prior art, results in a higher output power and a 
lower ohmic and thermal resistance. 
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In a preferred embodiment of the invention, the mode-selective 
regions are implantation regions with reduced conductivity. 

Such implantation regions can also be formed with sufficient 
5 precision in a large volume. Moreover, the conductivity can 
be lowered by use of implantations, thereby attenuating 
higher-order lateral modes in the implantation regions. 

In accordance with an added feature of the invention, a mesa 
10 is provided and one of the reflectors is formed in the mesa. 
The mesa has a diameter of > 10 |lm. 

In accordance with another feature of the invention, the 
current diaphragm is formed from an oxide. 

15 

In accordance with an additional feature of the invention, the 
current diaphragm defines a current aperture having a given 
diameter of > 3 p,m. Additionally, the current diaphragm has a 
diameter of > 4 |lm. 

20 

In accordance with a further feature of the invention, the 
mode -selective regions define an inner opening being larger 
than the current aperture. The mode-selective regions have a 
conductivity being less than a conductivity of the vertical 
25 resonator along a resonator axis. Preferably; the mode- 
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selective regions are implantation regions. The vertical 
resonator has an edge area and the mode-selective regions 
extend in the edge area and a surrounding region of the edge 
area of the vertical resonator. 

5 

In accordance with another added feature of the invention, the 
current diaphragm is at least two current diaphragms. 

In accordance with a concomitant feature of the invention, the 
10 semiconductor laser has a multilayer structure and the mode- 
selective regions are formed in the multilayer structure. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

15 

Although the invention is illustrated and described herein as 
embodied in a semiconductor laser, it is nevertheless not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
2 0 without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
25 thereof will be best understood from the following description 
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of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawing : 
5 The single figure of the drawing is a cross- sectional view 
through a semiconductor laser according to the invention. 

Description of the Preferred Embodiments : 

Referring now to the single figure of the drawing in detail, 
10 there is shown a semiconductor laser 1 having a lower Bragg 
reflector 3 applied to a substrate 2, a cavity 4 with a 
photon-emitting active zone being formed on the reflector 3. 
Situated above the cavity 4 is an upper Bragg reflector 5, in 
which current diaphragms 6 are formed. An inner edge of the 
15 current diaphragms 6 defines current apertures 7 delimiting 

the lateral extent of the currents injected into the cavity 4. 
As a result, a photon-emitting pump spot 8 is produced in the 
cavity 4, which pump spot 8 optically amplifies the radiation 
reflected between the lower Bragg reflector 3 and the upper 
20 Bragg reflector 5. Part of the radiation is allowed to pass 

by the upper Bragg reflector 5 and can leave the semiconductor 
laser 1 through an exit opening 9 in an annular front side 
contact 10. A rear side contact 11 is additionally present on 
a rear side of the substrate 2. 

25 
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Generally, the upper Bragg reflector 5 is configured as a mesa 
12. Situated in edge regions of the mesa 12 are implantation 
regions as mode -selective regions 13, which also extend into 
the substrate 2. The mode-selective regions 13 have an inner 
5 opening 14. The cross-sectional area of the inner opening 14 
is always larger than the area of the current apertures 7. 

By implantation, the conductivity of the material in the mode- 
selective regions 13 is less than the conductivity in the 

10 inner opening 14 of the mode-selective regions 13. Higher- 
order modes that extend into the mode-selective regions 13 are 
therefore attenuated. An optical amplification takes place 
only in the region of the inner opening 14, that is to say in 
the region of the fundamental mode. Therefore, the diameter 

15 of the current apertures 7 can be chosen to be larger than in 
the prior art. 

The larger opening of the current apertures 7 in comparison 
with the prior art leads to a lower series resistance of the 

20 semiconductor laser 1, and to a lower thermal resistance, 

which results in weaker ageing effects. Moreover, the large 
current apertures 7 lead to a large pump spot 8 and thus to 
higher optical output powers. The inner diameter of the 
current apertures 7 is more than 3 |lm, preferably more than 4 

25 Jim, in the semiconductor laser 1. 
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What is also particularly advantageous is that the production 
of the current diaphragms 6 can be controlled better in 
comparison with the prior art, since the production-dictated 
5 deviations during the production of the current diaphragms 6 
are smaller as seen in relative terms. 

The double embodiment of the current diaphragms 6 furthermore 
makes it possible to avoid excessive edge elevations of the 
10 current injection into the cavity 4 which intrinsically also 
jeopardize the monomode nature. 

The invention described here is not restricted to specific 
materials. The known materials that can be used for the type 
15 of semiconductor lasers 1 described can be considered. The 
customary methods known to the person skilled in the art are 
suitable for production. 
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